Introduction
Human speech sounds can be classified into two distinctive categories depending on their production mode: voiced and unvoiced sounds. The production of voiced sound was deeply studied, and among of research is available in the literature. The airflow expulsed by the lungs interacts with the vocal folds leading to an auto-oscillation of the vocal folds. The other mechanism is purely aeroacoustics and corresponds to the production of unvoiced sound. Nevertheless, less attention was given to the mechanism of production of unvoiced sound. The complex geometry of the human upper airways, and the flow conditions yield the turbulent air flow. The importance of the turbulence in the production of unvoiced sound is noted [2] . Numerous experimental studies reveal the importance of the interaction between the flow and obstacle, in a.o [10, 12] . The mechanism of sound production and the importance of vorticity and the necessary flow-separation conditions in the production of fricatives are studied [7, 11] . The study of jet vorticity and its evolution for unvoiced sound production is summarised in [6] as "the sound field was seen to be determined uniquely by the interaction of jet vorticity and the shape of the vocal tract".
One of the main articulator concerning obstacle-flow interaction is the teeth. The impact of teeth on the production of sibilant /s/ is studied by [5, 9] . Large Eddy Simulation (LES) is applied on the mid-sagittal plane of a human oral cavity [9] . Nevertheless, the complexity of the geometry gave us a difficult understanding of the phenomena.
As a first step for a future application in speech production, the aim of this paper is to analyse with LES, the evolution of 2 dimensional laminar inflow in the case of schematic human upper airways. The influence of the vocal folds and false vocal folds are left untreated. The study is restricted on typical geometries present in the upper airways. A rectangular straight pipe, a rectangular straight pipe with an obstacle, and finally a rectangular curved pipe are considered. The three geometries are studied separately and their impact on the flow evolution is discussed.
The paper is organised as follows. Section 2 presents the numerical method and numerical domains. The results for the different geometries are discussed in section 3. The conclusion is formulated in section 4.
Computational Method
The airflow is simulated within the different geometries by using a commercial explicit finite element code "Front Flow Blue/ FFB", developed by Advance Soft Corporation [3] . In the following section the method is outlined [6] . Next, the computational domains are briefly presented.
Governing equations
This code solves spatially-filtered incompressible continuity equation and Navier-Stokes equations. 
The Smagorinsky closure is applied to the SGS stress ij
C s is the Smagorinsky coefficient and is the size of the grid filter. In our case, the dynamic Smagorinsky model with modification due to [8] is used. C s is determined locally in time and space by , 2
), ( 3 
Numerical domain and inflow
The three geometries taken into account in our study were created by using a commercial mesh generator developed by [4] .
The following parameters were chosen constant for the different geometries: the dimensional height H of the rectangular pipe is equal to 0.025 m, the aspect ratio l/H, where l represents the width of the rectangular pipe is equal to l/H = 4. The uniform dimensional inlet velocity is constant and equal to U 0 = 2.5 m.s -1 . Therefore, the Reynolds number based on the inlet velocity and the height H is equal to Re = 4000. The nondimensional time increment corresponds to t = 10 -3 = t H U 0 .
In the case of a rectangular straight pipe, the computational domain is [-2H, 2H] * [0, H] * [0, 5H] respectively in y 1 , y 2 and y 3 direction, where y 1 , y 2 , y 3 represent respectively the lateral, the spanwise, and the streamwise coordinates. Structured meshes are used. The origin is located on the inlet face, at the centre of the lateral plan and the bottom side of the rectangular pipe, as shown in Fig. 2 (a) . 74 elements are used in the streamwise direction and are uniformly distributed. 74 elements are used in the spanwise direction towards a symmetric tangent hyperbolic distribution. y 2 , which represents the size of the first element near the wall is equal to y 2 = 0.005H. 50 elements are used in the spanwise direction. The total number of computational elements is approximately 280 000. The inlet velocity is imposed to be uniform. Non-slip condition was used on the wall. Non reflective conditions are used as exit conditions.
For the following case, an obstacle representing a schematic tooth is imposed. The dimensions of the computational domain in which the tooth is inserted is [-2H, 2H] * [0, H] * [0, 4.05H]. The tooth is located at a distance equal to y 1 = 16/5H. The geometry of the tooth is a trapezoid for which the base is 1.25/5H and its opposite side has a length of 0.25/5H; the upstream and downstream sides of the tooth make respectively an angle of 105° and 90° with the bottom wall. Its height is equal to 7/10H. Approximately 1 880 000 elements were used to compute the flow evolution. Structured meshes are still used. The computational domain is divided into 5 blocks as seen in Fig. 2 (b) . Close to the obstacle the grid meshes are refined in order to be small enough to resolve the boundary layer and bound vortices around the obstacle. The origin is located at the same position as for the previous case. The same inlet and boundaries conditions imposed for case1 are used.
The third geometry is a rectangular curved straight pipes linked with a curved pipe. Fig. 3(b) shows the evolution of the streamwise component of the velocity normalised by its centreline velocity Uc 3 . As the downstream localisation increases, the rectangular velocity profile imposed at the inlet tends to be transformed into the parabolic Poiseuille profile. In order to compare with the Poiseuille profile the origin of the axis where shifted to the centre of the rectangular pipe. This evolution confirms boundary layer grows on both wall, due to viscosity, and mass-conservation. As a further analysis, Fig. 4 presents the turbulence intensity u tur3 /U 3 , where u tur3 represents the rms value of the streamwise component of the velocity along the rectangular straight pipe. The turbulence level is increased with the downstream localisation. The maximum values are observed close to the wall and comprised between 5% < u tur 3 /U 3 < 30% .
Rectangular straight pipe with an obstacle
This subsection presents the impact of an obstacle on the laminar inflow. Fig. 5 shows as the downstream location increases the flow becomes asymmetric. From y 3 /H = 1.8, the position of the velocity maximum U is shifted to the flat wall. From Fig. 5 the flow maximum of the velocity is localised in an area which starts downstream the end of the obstacle and is equal to about 4 times the inlet velocity.
. along the computational domain at E 1 . Fig. 9 represents the mean velocity profiles at different downstream spanwise distances E 2 /b, where E 2 represents the distance between the location of the velocity measurements and the edge E 2 , and b the distance between the obstacle and the opposite flat wall. We use as outer scaling, U 3max and y 2(1/2) , where U max represents the maximum velocity of the streamwise component and y 2(1/2) the distance between the two spanwise locations corresponding to 50% of U 3max . The results are compared with data from an experimental study on turbulent wall jets, for which Re = 9600 and b= 9.6*10 -3 m [1] . Although, the profiles are close to the obstacle, it seems the flow tends to present a self-similar evolution comparable to a wall jet. 
Rectangular curved pipe
The study of a curve, is motivated by the geometry of the vocal tract. In this section, we briefly give a qualitative presentation of the flow behaviour imposed by the curvature. From Fig. 10 a) the curve implies an increase of the velocity from the beginning of the curvature and a stall of the boundary layer leading to a recirculation zone which is zoomed on in Fig. 10 b) . In Fig 11 it 
Conclusion
The effects of typical articulator geometries, comparable to a tooth and a curve, on the flow field development of a 2 dimensional incompressible fluid flow were computed. For assessed flow characteristic and geometrical configurations, the obstacle generates lower turbulence than the curvature. Nevertheless, both geometries create an asymmetric flow and lead to the creation of a recirculation zone. Therefore, further investigations are needed concerning the degree of constriction, the shape of the obstacle, the distance between the obstacle and the outlet.
